The present study is assigned to throw the light on the benefit of using Kessler suture compared with polypropylene mesh implantation in healing of induced tenotomy of common calcaneal tendon in a rabbit model based on clinicohistopathological evaluation. Twenty adults New Zealand white male rabbits were used for this clinical prospective study divided equally and randomly into two groups. The first group, (suture group n=10) and the second group (mesh group n=10). Under the effect of general anesthesia, longitudinal skin incision over the common calcaneal tendon was made, and the skin flap was reflected. The tendon was isolated by blunt dissection from the surrounding tissue, with small curved forceps. Simulation of a rabbit's common calcaneal tendon rupture was made by sharp transvers incision with scalpel. The first group repair with (Kessler Suture) using polypropylene suture size 4.0. In contrast, the second group repair with (polypropylene mesh implantation) after initial suturing of the cut ends of tendon by two simple interrupted stitches using polyglyconate suture size 4.0. The surgical skin wounds were re-stitched by simple interrupted pattern with 3-0 silk. After clinical follow-up of the treatment rabbits, certain secondary health problems were encountered represented by swelling of operative site and lameness. Grossly, adhesions were noticed between the tendon and subcutaneous tissue in rabbits of both groups. Microscopical examination reflected presence of inflammatory cells perivascular edema and few capillaries at two months. At the end of experiment there were perfect orientation and organization of collagen fibers in mesh group in comparing with suture group. Based on the results obtain from this study, it seemed that both groups reflected best outcome in healing of operated tendons with superiority of mesh group in comparing with suture group.
Introduction
The etiology of common calcaneal tendon injuries is usually traumatic which may result in acute rupture of the tendon with partial or complete loss of integrity of the structure (1). In addition, weakening or rupture of the tendon structure can occur secondarily to systemic diseases (e.g. Cushing's disease) or to iatrogenic etiologies (2) . The clinical signs associated with the rupture of common calcaneal tendon will vary depending on the severity of the injury, but the swelling around the tendon insertion on the hock is the main symptom (3).
The surgical techniques which are involved suturing may lead to complications such as early or late tendon adhesions and scar formation. Additionally, sutures may slip through the tendon and loosen due to parallel orientation of tendon fibers or may cause local ischemia due to wrap by sutures all-around of the tendon (4).
The golden aim at tendon repair is to establish a permanent repair that could withstand significant tensile strength loads and to glide smoothly without any interference against movement. Healing of tendon is slow and may require long period (9-12 months or more in some cases) due to its poor vascularity (5) . Recently, multifactorial strategies treatments for common calcaneal tendon lesions are used such as application of prosthetic meshes which act as a scaffold to conduct the two cut ends of the tendon. In addition, stability of the rupture site, they should be porous to facilitate cells migration and proliferation and movement of growth factors (6) . Other treatment choices include tendon transplantation, Laser, shock wave therapy, stem cells, platelet rich plasma, autologous conditioned plasma, autologous conditioned serum and cells therapy (7) (8) (9) . The study aimed to compare the efficacy of Kessler suture and polypropylene meshes implantation to repair tenotomized common calcaneal tendon tendons in rabbits based on clinico-pathological evaluation.
Materials and methods
For this in vivo study, 20 adults' male rabbits' specific pathogen free, aged 8-10 months and weighing1.500 ±1.750 kg was enrolled for this research. They were placed in standard rabbit cages, under the same conditions with standard pellet diet. Rabbits were randomly allocated into two equal groups. The first group (suture group) and the second group (mesh group). All animals were acclimatized to their environment for 2 weeks.
Rabbits were fasted for 12 hours prior to the operation and had free access to water, then anesthetized using a combination of ketamine hydrochloride 10% (Claris, India) at a dose rate of 35 mg/kg B.W and xylazine hydrochloride 2% (2% xylo-Germany) at a dose rate of 5 mg/kg B.W administered via intramuscular route (10) . The site was prepared for aseptic surgery. The animal placed on right recumbency with operated limb up, skin incision approximately 5 cm., in length was made over the common calcaneal tendon. The tendon was isolated from the underlying tissue by blunt dissection (Figure 1) . A fullthickness transverse incision of common calcaneal tendon was performed in its mid-portion ( Figure 2 ).
In the first group, tenorrhaphy of common calcaneal tendon was immediately performed by using Kessler suture technique as described by Fridman et al. (11) . The sharply cut tendon ends were approximated centrally and sutured using a non-absorbable synthetic monofilament thread (polypropylene 4-0) ( Figure 3 ). In polypropylene mesh group, after initial suturing of the cut ends of tendon by two simple interrupted stitches using polyglyconate suture size 4.0, a polypropylene mesh was wrapped around the cut ends and fixed to tendon core with 4-0 polypropylene suture in simple interrupted pattern ( Figure 4 ). After compilation of suture and meshes implantation, the skin was closed by 3-0 silk with simple interrupted pattern. Sterile bandage was used to cover the skin wound which changes every two days till removal of the skin stitches. Broad spectrum antibiotic represented by pencillin-streptomycine in a dose of 20000 I.U and 10 mg/kg B.W., respectively was injected IM for five consecutive days.
The clinical evaluations consisted monitoring the degree of lameness and local swelling with increased diameter of the operated leg each three days till day 18.
Macroscopic and microscopic evaluation: This was performed at two-and four-months post-operation. For macroscopic evaluation, the repair site was visually examined to determine any changes in the tendons and the severity of peritendinous adhesions which may happen between the tendon and surrounding tissue. Adhesions were quantified into five grades (0-4) as mentioned by Bu rgisser et al. (12) .
For microscopic examination: tendon Biopsies (1 cm 3 ) were collected from (20) rabbits (10 rabbits for each group) and (5 rabbits / period) at two-and four-months posttendons repair. Biopsies were fixed in 10% neutral buffered formalin, the tissue sections at 5-6 μm thick were routinely prepared and stained by Hematoxylin and Eosin (13) .
The statistical analysis was conducted by the aid of SAS (2004) program. All data observations were expressed as Mean± Standard Error (M ±SE) and differences between the two groups were compared using one-way Analysis of Variance (ANOVA). Least significant difference (LSD) was used to compare between means. The level P≤0.05 was considered to be significant (14) . 
Results
There were no intraoperative complications. All rabbits showed good general health status. All skin wounds healed normally within 10 days post-surgery. After clinical followup all animals showed lameness with significant differences P< 0.05 between the two groups during the day three with (score 3.5) in the suture group and (score 3.0) in mesh group and the animals cannot bear weight on the operative limb. Furthermore, with the progress of post-operative duration lameness were decreased and rapid absence of lameness was noticed in mesh group at day 12 (score 0) and at day 18 in suture group (Table 1) .
Another pathognomonic sign was local swelling at the operative site which was seen in all treated rabbits. The mean value of swelling was reached to its peak at day 9 (9 cm) in suture group and (8.0 cm) in mesh group with significant differences (P<0.05) between them. Then swelling was declined starting from day 12 and retained to its normal values in day 15 and 18 in mesh and suture groups respectively and swelling diminished spontaneously with no any treatment (table 2) .
Also, local swelling at the operative site was seen in all treated rabbits which lasted for few days. Swelling was moderate in suture group and mild in mesh group and remitted faster in the later. No any treatment was used and swelling diminished spontaneously. In gross examination the pathognomonic findings of the tendons at (two and four months) was the adhesion between the tendon and the overlying skin in both groups. At two months in suture group, there were adhesions (80%) (n=3 severe and n=1 moderate adhesions) noticed between common calcaneal tendon and subcutaneous tissue. In contrast mesh group, showed low ratio 40% (n=2 moderate adhesion) ( Table 3 and figures 5 and 6). At four months, the ratio of adhesions were decreased in suture group (n=3). In mesh group (n=1mild case) ( Table 4 ). Two months Presence of inflammatory cells and perivascular edema (Figure 7) .
Regular collagen fibers and presence of few capillaries (Figure 8 ).
Four months
Regular organization of collagen fibers and moderate increase in fibroblasts (Figure 9 ).
Regular orientation of collagen fibers and tenocytes which have cigar shaped nuclei are arranged along the longitudinal axis of the tendon (Figure 10 ). 
Discussion
Tendon injuries still remain an orthopedic challenge. The time-consuming healing process extends over many months and usually leads to a reparative scar tissue. Scars provide inferior biomechanical stability. Also, the poor blood supply and hypo-cellular property of the tendons are thought to be major reasons for their limited self-healing properties (15) . During a follow-up of treatment animals there were no any serious complications such as (infection, failure of tendon repair or death) this may be attributed to strike aseptic technique beside good post-operative follow-up. The present study reflected few minor non-specific secondary health problems represented by local swelling of operative site. This compliment may ascribe to intratendinous hematoma, edema and influx of inflammatory cells, as a part of the inflammatory process. In an experimental study by Maffulli (16) recorded seroma, fever, erythema of the operative area and wound dehiscence due to infection. Lameness noticed in the current study may be related to pain evocated from inflammation and cutting of the nerves in the operative site. A study by Alfredson et al. (17) who indicated that chemical irritants and neurotransmitters may generate pain in tendinopathy due to increase in levels of lactic acid.
A number of surgical techniques have been described for repair of tendon ruptures such as suturing, autogenously grafts or free fascia may be used when the gaps are manageable. Synthetics meshes or grafts are useful when autogenous grafts cannot be used (18) .
The goals of successful tenorrhaphy include creating a strong repair and restoring gliding function to the tendon with minimal gap formation, negligible adhesion formation, should not adversely affect the tendon vasculature (19, 20) .
The suture material selected should be inert, strong easy to pass through tissues and should maintain tensile strength until the anastomosis has its own strength (21) .
Polypropylene (4-0) used in the current study has been described as the most appropriate suture material for tendon repair that comfortably passes through the tendon. Polypropylene is non-absorbable monofilaments, and whose reactivity is minimal (confirmed histologically in this study). Furthermore, polypropylene thread provided the desired tensile strength kept for years within the tissue till complete healing of the tendon and this come in line with (11) . Non-absorbable synthesis sutures included monofilament nylon, and braided polyester have good biocompatibility when used in tendon repair. Higher tensile strength and stiffness was showed polypropylene than monofilament nylon and polyester (22) .
The clinical results in rabbits by Mario et al. (23) were durable, no re-ruptures and good motion range after applying of synthetic mesh to repair tendon injury, these studies compatible with our result of no re-rupture in mesh group.
Also, lameness was recorded in a study by Maia (24) , when used intra-lesional injection of Platelets Rich Plasma for treatment of superficial digital flexor tendonitis induce by splitting in equine model.
The macroscopic evaluations in our study showed no local adverse effects for either the suture or tested meshes. The meshes never showed any signs of degradation after four months and were macroscopically undetectable at this time. The same findings noticed by Dietrich et al. (25) , whom used Platelet-Rich fibrin for accelerated healing of Achilles tendon in rat.
Adhesions were noticed macroscopically between common calcaneal tendon and S/C tissues. This may be ascribed to several factors which include trauma to the tendon and sheath from the initial injury, which resulted in inflammation and ischemia. Márcia et al. (26) referred that the major causes of adhesion are a tendon sheath defect after traumatic or surgical injury. The tendon sheath is a membrane-like structure, which acts like a biological barrier, preventing invasion of peripheral fibrotic tissue and inhibiting exogenous healing of tendon. When this barrier is damaged, the normal functionality of the tendon is jeopardized. Such complications compromise tissue properties, interfering with motion, gliding and consequently functionality.
In present study, the tendons of the rabbits at four months post-treatment especially in meshes implantation groups the adhesions rate at this period was lower than two months this may be resulted from a decrease in the formation of new extra cellular matrix due to the inhibition of mononuclear phagocytosis and lymphocytes.
Surgical mesh is commonly used for repairing ruptured tendons. The mesh was designed bridge the defect between tendon and act as a scaffold for the deposition and orientation of the tendon fibers. It has multiple pores that facilitate the growth of capillary network and consequently oxygen delivery as the collagen synthesis is an oxygen dependent process. The material was malleable, so it was easily handled and economically, its cost was low (27) . The surgical mesh can be tailored to any size and shape to adapt the gap of tendon rupture and stitched together with surgical sutures. This gives surgeons another layer of flexibility to arrange and secure the mesh as needed on an individual basis (28) . The conventional surgical mesh restored the mechanical continuity of the ruptured tendon and might provide a physical environment that stimulates tenogenesis (29, 30) .
In current study the histopathological data revealed that wrapping the tenorrhaphy site with synthetic mesh accelerates the early repair response of common calcaneal tendon. The meshes facilitates the approximation of the ends of the tendon few days after injury, inflammation in tendon subsides and fibroblasts proliferation and biosynthesis of extracellular matrix and collagen fibers. In second group the tendon fibers were more organized as compared to the first group. The same was mentioned by Sharma and Maffulli (31) , who indicated that the fragmentation of the implant caused transfer of the tensile loads and cause areas of stress that stimulate collagen synthesis thereby creating mature longitudinally oriented new tendon fibers filling the gap.
The results of our study revealed presence of blood vessels this may occur according to hypothesis that the injured tendon suffer decreased blood nutrition and hypoxia that activated macrophages to release angiogenic factors represented by vascular endothelial growth factor which initiate the angiogenesis in the injured site. Also, the endothelial cells aggregate in the granulation tissue which lead to proliferation and regeneration of blood vessels. This result agreed with Pufe et al. (32) .
In current study, the sections of tendon showed proliferation of tenocytes this indicated that both intrinsic and extrinsic mechanisms are believed to contribute to the tendon healing process, this come in line with (33) , who referred that tenocytes within the tendon and epitenon play an important role in the intrinsic mechanism, while in the extrinsic mechanism, inflammatory cells and fibroblasts from the overlying sheath and periphery are the main participants. In the present study the application of polypropylene meshes in rabbits revealed no signs of infection that proved its biocompatibility due to the inert nature of the material in which the mesh is made and its resistance to bacterial contamination, similar interpretation was mentioned by Campbell and Bailey (34) .
In conclusion the use of synthetic non-absorbable meshes in our study had successes in acceleration of collagen deposition and act as scaffold that bridged the cut ends of the tendon, thus it increases their tensile strength and stability which was better and superior when compared with Kessler suture technique. On other hands polypropylene mesh is a successful substitution to autogenous graft in the treatment of common calcaneal tendon rupture.
